THORACIC surgery probably provides the most fascinating work for an anesthetist. The variety and volume of material are well shown by the following data from the clinics with which l am associated. During the first nine months of 1951 our operative work has included 243 thoracoplasties and 61 resections for pulmonary tuberculosis, 153 radical resections for bronchiectasis (pneumonectomy 17, lobectomy or segmental resection 136), 38 resections for bronchial carcinoma, 67 cardiovascular operations (mitral valvulotomy 40, pericardectomy 5, congenital hearts 12, cardiac ischaemia, aneurysm, &c. 10). In addition there were a number of diaphragmatic hernie, cesophageal resections, thymectomies, &c. Many thoracic investigations also entail close co-operation from the anmesthetist, including the endoscopic examinations, bronchographies, angiocardiographies, and cardiac catheterizations. INVESTIGATIONS Bronchography in children should be the responsibility of the anmsthetist. Its object is not only to demonstrate bronchiectasis, but to produce a series of bronchograms outlining each segment of the lungs. This is especially imnportant in bilateral disease where it is essential to decide whether or not sufficient healthy segments can be conserved. It is our practice to bring these children into hospital some days or even weeks before the examination in order to prepare them thoroughly by postural coughing and respiratory exercises. The investigation must be made pleasant for the child as it is often necessary to have three sets of bronchograms-one taken before operation and two post-operatively. Basal narcosis with avertin is used together with a suitable dose of atropine. Since the majority of these children have sputum which may prevent the satisfactory filling with Lipiodol of the whole bronchial tree, a preliminary bronchoscopic aspiration is performed under light general anesthesia, the larynx and trachea having first been cocainized. This examination also excludes the presence of a foreign body or of granulation tissue. The largest bore, plain, endotracheal tube which will comfortably fit the glottis is then passed and calm anxsthesia is re-established. A satisfactory diagnosis can only be made from radiographs showing two views of each lung; thus, as a general rule, pictures are taken in the right lateral, left oblique, and antero-posterior positions. When a satisfactory plane of anasthesia has been reached, lipiodol is injected through a fine-bore catheter introduced through the endotracheal tube. The agents used for anesthesia are a matter of personal choice, but a simple technique with open ether will give satisfactory results. Before aspirating the lipiodol and secretions, the films must be examined carefully to see that each segment is properly outlined. In very small children it may sometimes be difficult to maintain an efficient airway when the lipiodol catheter has been introduced into the endotracheal tube; in this case the endotracheal tube may be dispensed with, and the oil injected through a fine gum-elastic catheter directly into the trachea. These details may seem elementary, but the results of surgical resection for bronchiectasis depend largely on accurate localization of the disease.
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Similarly asophagoscopy in young children requires careful anaesthesia, especially in those with cesophageal ulceration associated with hiatus hernia. Despite vigorous preparation these children readily tend to regurgitate; aneesthesia should be induced in a foot-down position and intubation carried out before cesophagoscopy is attempted. FEB,-ANABsTH. 1 8 Angiocardiography. is a frightening procedur,e for a child. Alarming bronchospasm may follow the injection of diodrast; for this reason the child should first be intubated. A preliminary injection of procaine through the intravenous cannula will facilitate the rapid injection of diodrast.
Basal narcosis with avertin can be used for cardiac catheterization in young children when samples of blood are required for gas analys&is. ,An initial dose of 100 mg. per kg. body-weight is given and supplemented by doses of 20X-0 mg. per kg., should anresthesia begin to-weari-off durinTg the procedure.
A liberal injection of procaine at the site of introduction of the cardiac catheter is necessary. Bronchospirometry is another investigation of particular interest to the anesthetist. In borderline cases requiring lung resection it may be necessary to assess the pulmonary and ventilatory function of each lung separately if operation is not to make them respiratory cripples. Recently we have carried out differential spirometry using the double-lumen Carlens (1949) tube. Good topical anaesthesia is essential, and in order to carry out the tests efficiently we have used atropine as the sole premedication. With this technique we have been able to measure the vital capacity, the oxygen consumption and the maximum breathing capacity of each lung both at rest and after exercise. SPECIAL PROBLEMS OF ANESTHESIA FOR MAJOR THORACIC SURGERY It is essential that the anrsthetist understands clearly what happens to the lungs and mediastinum when the chest wall is widely opened. Nosworthy (1941, 1951) has written excellent descriptive articles on this subject, explaining the significance of paradoxical breathing and mediastinal flap, and how these hazards may be minimized to some extent by pleural adhesions and a relatively fixed mediastinum. Similar difficulties may arise during thoracoplastic operations where the chest wall is unstable despite an intact pleura, or during the removal of thymic or thyroid tumours from the superior mediastinum.
In addition to the embarrassments of an open pneumothorax, the majority of patients requiring thoracic surgery have considerable respiratory disability whether from excessive secretions, previous collapse therapy, pulmonary congestion, or from pressure caused by a tumour or a collection of fluid or air. The importance of proper preparation is now appreciated, and, helped by physiotherapy, by the appropriate antibiotics to control post-operative infections, and by resuscitation, these patients tolerate severe operations remarkably well.
It is now generally accepted that during thoracic operations assisted or controlled ventilation is necessary to provide efficient respiratory exchange, to stabilize the mediastinum, and to reduce diaphragmatic movements, and so to provide satisfactory conditions for the surgeon. Beecher et al., (1951) have recently shown that, whereas the prone and supine positions are more favourable for the natural excretion of carbon dioxide, manual squeezing of the rebreathing bag is essential when the patient is operated upon in the lateral position. Many anxesthetists prefer assisted respiration, but it often appears to me that when a rather inexperienced anaesthetist uses this type of ventilation for thoracic surgery, there is still considerable mediastinal swing which must interfere with venous inflow and cardiac output and have a cumulatively ill-effect on the general condition. Squeezing the rebreathing bag is a helpful guide to the degree of reflex suppression and by the majority of anesthetists in this country is preferred to mechanical devices for rhythmical inflation of the lungs. I have seen Crafoord's spiropulsator in action on several occasions and it appeared to me to be highly efficient. Its chief drawback lies possibly in its complexity, but a simpler machine, possibly on the Mautz (1941) principle, or the electrically controlled Wolfe-Rand (1950) machine, might be invaluable. Continuous positive pressure aneesthesia is thought to be harmful. With its continuous use there is -grave risk of dissemination of sputum into the peripheral bronchioles and of severe circulatory depression resulting from raised venous pressure and lowered cardiac'' output (Watrous, Davis and Anderson, 1951) .
ANJBSTHETIC TECHNIQUE FOR THORACIC SURGERY The choice of drugs is to-day largely limited by the use of diathermy, but there are still many clinics where nitrous oxide-oxygen-ether or cyclopropane are used regularly. The introduction of curare, however, has revolutionized anesthetic methods and we are now able to provide light anesthesia, with high concentrations of oxygen, with muscular relaxation, and with suppression of reflex responses, without the risk of explosion.
Asgeneral rule anxesthesia is induced by the injection of thiopentone plus a muscle relaxant; the lungs are at once inflated with oxygen and a cuffed endotracheal tube is passed. Anesthesia is maintained by a closed circuit containing a nitrous oxide-oxygen mixture of at least 30% oxygen. As operation continues, further injections from time to time may be necessary to keep the patient asleep and immobile, and to control respiration. There is no doubt that the care of these patients is very much simpler for all concerned if they are awake and co-operative as soon as the operation is over. With this object in view it is obviously necessary to cut down subsequent doses of barbiturate to a minimum. Indications for further injections of barbiturate include a quickening pulse-rate and rising blood pressure when unrelated to operative interference, and slight movements of the fingers. On the other hand the patient with returning reflexes and increased resistance in the rebreathing bag (in the absence of secretions), or one who is trying to breathe spontaneously when this is undesirable, needs more relaxant.
Many anesthetists prefer to use a specific analgesic drug such as pethidine rather than to risk the depressant effects of thiopentone (Mushin and Rendell-Baker, 1950) . Anwest-hesia is induced with thiopentone and a muscle relaxant, and the patient is intubated and anmsthesia is continued with nitrous oxide-oxygen, 25 to 50 mg. of pethidine being injected intravenously as soon as the patient is in position on the table. Additional doses of 25 mg. of pethidine with or without relaxant are injected as required, which is usually at about half-hourly intervals. Should the operation be prolonged, the time interval between the subsequent doses of pethidine is lengthened to avoid a cumulative effect.
These techniques must of course be modified for patients suffering from myasthenia gravis. They do not tolerate curare and are probably better anxsthetized with cyclopropane or with nitrous oxide-oxygen-ether.
Before the pleural cavity is closed the lungs must be fully expanded by gentle inflation, secretions having first been aspirated. It is unwise to apply continuous positive pressure to a lobe or lung which is disinclined to expand; it is preferable to rely on post-operative bronchoscopy and aspiration of air from the pleura checked by X-ray examination. Any risk of tension pneumothorax must be avoided by checking intrapleural pressures or by the insertion of a drainage tube connected to an under-water seal. At the end of thoracic operations atropine and Prostigmin are always given to patients who have had relaxant drugs. An X-ray picture must be taken immediately if both pleural cavities have been opened so that a pneumothorax or collapse may be detected and dealt with at once.
RESUSCITATION
It is the anmesthetist's responsibility to combat shock and to supervise operative and post-operative resuscitation. As a routine measure an intravenous drip is always started at the beginning of the operation and blood is replaced as it is lost. Simultaneous transfusion into two veins may, on occasion, be needed. I think it is preferable to use a vein on the back of the hand or forearm; this enables the anesthetist personally to control the rate of transfusion. Blood-drips into the arm, especially the upper arm, seem to run more smoothly than those in the leg, and I have the impression that fewer patients develop thrombophlebitis after them than with saphenous vein transfusions. Intravenous infusions must be given cautiously to patients with cardiac disease or to those with marked venous congestion as a consequence of thoracic injury.
"WET LUNG"
Although the technique I have d2scribed will suffice for the majority of patients, there are many others requiring lung resections who need better protection than is possible with a head-down tilt and intermittent suction. These include patients suffering from pulmonary sepsis, whether as a result of bronchiectasis, suppurative pneumonitis, lung abscess, the destroyed lung associated with tuberculosis, or chronic empyema complicated by bronchopleural fistula. Somewhat similar difficulties may arise in the anesthetizing of patients with large cysts, the contents of which may be emptied into the bronchial tree. Occasionally a giant cyst has a one-way valvular mechanism in the communicating bronchus, in which case inflating the lung causes progressive inflation of the cyst. There is no doubt that the pre-operative preparation of these patients is better than in the early days of thoracic surgery; but occasionally the mobilization of such a lobe or lung may precipitate alarming quantities of pus or blood or both, and protection against such a contingency is of vital importance.
At the present time opinion is divided as to the best methods of preventing the dissemination of secretions; should we adopt some special position on the operating table, occlude the draining bronchus, or use one-lung anesthesia?
Many positions have been suggested; but, in principle, it is a question of whether one prefers free drainage of secretions or retention of secretions until the bronchus is clamped. Because of the difficulties of operating in the sitting position the prone position is used more often. The prone position advocated by Dr. Parry Brown (1948) encourages free drainage of secretions, but when the Overholt-Langer position (Overholt and Langer, 1949) is used secretions are retairTd until such time as the bronchus is divided. These positions are particularly useful for children too small to take a blocker, or for upper lobectomies. Many surgeons, however, prefer the better access to the front of the hilum obtained by the standard lateral thoracotomy incision.
The alternative method of bronchial occlusion is satisfactory for patient, surgeon and anesthetist. There is no spill of secretions, and the lobe or lung to be resected is collapsed and is immobile. There are two types of bronchial blocker in general use. Dr. Magill's blocker is small enough to be used in older children, or to occlude an upper lobe bronchus; whereas the Thompson blocker can only be passed through the 11 mm. bronchoscope, but because it is covered by a nylon mesh bag, it stays more securely in position. Total left bronchial occlusion is a comparatively easy manceuvre, but there is more difficulty on the right side especially where the eparterial bronchus is high in relationship to the main carina, in which case endobronchial intubation may give better protection. I am convinced that although it is not a suitable method for the inexperienced, the use of a bronchial blocker has enabled us to operate on many patients who would otherwise have been too "wet" to deal with safely. Frequently the patient with most sputum also has a lung which is completely stuck to the chest wall; if one is able to provide a perfectly uncontaminated airway one can always combat shock by adequate blood transfusion.
The larger size Carlens tube may be useful in patients with bilateral segmental disease where the site of the disease makes selective occlusion impossible.
Occasionally one is called upon to anmsthetize babies who require pneumonectomy for suppurative lesions. We have had three such cases this year. The anesthetic technique was similar to that used for older children, relying upon posture and repeated suction to preserve a clear airway. Fortunately in each case it was possible to clamp the bronchus within four minutes of opening the pleura, and all the babies made a good recovery. One child developed severe tracheobronchitis the day after operation but the stridor rapidly diminished when the child was placed in a steam tent.
Bronchoscopy at the conclusion of lung resections is always desirable. Nevertheless, it may carry a definite risk in patients with circulatory depression and then one must decide whether shock is the result of anoxia from an obstructed airway, or a consequence of operative trauma and insufficient blood transfusion. In the former case bronchoscopy is indicated, in the latter it is wiser to rely upon oxygen therapy and rapid transfusion until such time as recovery takes place.
Excessive secretion is not a feature of extra-pulmonary tumours apart from those associated with the thymus; but some of these patients have suffocative symptoms from mediastinal compression and it is occasionally advisable to intubate them using local anesthesia.
Local anmesthesia still has a place in thoracic surgery and in many clinics is the technique of choice for the Sembs type of thoracoplasty. Xylocaine is becoming increasingly popular on account of its efficient and prolonged action. Local anesthesia is also best when draining an empyema or lung abscess with the patient propped in a sitting position. I have no personal experience of hypotensive drugs in thoracic surgery.
CARDIAC SURGERY With the rapidly increasing scope of cardiac surgery, the management of anasthesia for these patients has assumed great importance. For present purposes the patients with cardiac disease most likely to benefit from surgery are those suffering from mitral stenosis, constrictive pericarditis or congenital heart lesions including patent ductus arteriosus, pulmonary stenosis and coarctation of the aorta. A smaller number of patients with cardiac ischxmia and aneurysms of the great vessels may also be improved by surgery. Anmsthesia may be relatively simple in those patients whose cardiac reserve is good, i.e. the majority of patients with non-infected patent ductus and the younger patients with coarctation; but the majority are poor risks; some are desperate. The complications of anesthesia are largely the results of anoxia; if this is avoided it is often surprising how well these patients tolerate anesthesia and operation. For example-spinal anasthesia has been used successfully for patients in right heart failure, in whom it was proposed to ligate the inferior vena cava. As a result of vasodilatation and diminution in the return flow to the right heart and so to the lungs, the patient's condition often improved sufficiently for him to lie flat and sleep comfortably throughout the operation.
Present experience with mitral stenosis indicates that the results of valvulotomy are good in those patients whose symptoms are predominantly those of pulmonary congestion or of hypertension, i.e. dyspncea and cough on exertion, paroxysmal dyspncea, pulmonary cedema or repeated hTemoptysis, and in those patients whose hearts are small or not greatly enlarged. Auricular fibrillation is not a contra-indication to operation. The few patients with large hearts upon whom we have operated have stood operation and anesthesia reasonably well, but the final result has sometimes been disappointing. It is too early as yet properly to assess the ultimate result of these operations, and, considering the poor prognosis in this type of patient, a high mortality may not necessarily exclude them. As an emergency measure it is occasionally necessary to operate upon patients having frequent and alarming attacks of pulmonaryedema. One of our patients developed such a condition during cardiac catheterization and had a successful valvulotomy performed albeit with very congested lungs. Apart from causing a little anxiety in the next two days, she made an excellent recovery.
Where there is actual decompensation, cardiac function may be improved before operation by rest in bed and by the use of digitalis. Repeated aspirations may be required to relieve ascitic and pleural effusions, and mercurial diuretics, given two days before operation, are advisable for those patients with mitral stenosis whose lungs are congested. Patients with pulmonary stenosis commonly have a respiratory infection with excessive sputum. This should be treated with penicillin.
As well as by the general improvements in intrathoracic technique and anesthesia, there is reason to believe the dangers and difficulties of cardiac surgery have been reduced by the use of procaine and other drugs, such as quinidine, to diminish the sensitivity and irritability of the heart, and by the local injection of anesthetic solutions into the nerve plexuses, in the pericardium and myocardium.
The value of procaine is, however, debatable.
Arrhythmias occurring during anaesthesia may be of reflex origin or due to chemical changes in the blood stream. In this type of surgery they are commonly the result of direct stimulation and manipulation of the pericardium and heart itself, particularly of those manipulations which dislocate the heart from its normal position. It is possible that an abnormal heart may be more sensitive to unusual stimuli, but as a rule these irregularities stop when the heart is left alone.
Prophylactic measures to protect the heart before operation include the restriction of salt and fluids, and the administration of quinidine, starting twenty-four hours before operation and continuing for two weeks unless there are obvious contra-indications. During operation procaine is given intravenously and as a local injection. Its action, like that of quinidine, prolongs the refractory period of the auricle and reduces irritability of the myocardium, thus raising the threshold of the heart against the production of extrasystoles and fibrillation. For an adult a dosage of 1,000 mg. each hour is generally satisfactory but must be given in only a small quantity of fluid; for this we make up a fresh solution of 0Ol6% in 50% glucose, a Ol2 %/ solution being used for children.
An anesthetic technique similar to that already described for thoracic operations in general is equally useful for cardiac surgery, viz. induction with intravenous thiopentone and a muscle relaxant, plus endotracheal oxygen or nitrous oxide-oxygen, using controlled ventilation. Controlled ventilation is practically indispensable during vascular anastomosis. A semi-sitting posture may be necessary when operating on patients with mitral stenosis and severe orthopnoea. Many of these patients have turgid lungs which are difficult to inflate and every opportunity is taken to re-expand gently any partially collapsed lung. The need for supplementary injections of barbiturate is reduced to a minimum when using procaine, and smooth anesthesia is also facilitated by its broncho-dilating action.
A procaine drip is begun immediately after the induction and the intubation-a double drip technique being used so that blood can also be given if needed. The drip is continued until all manipulations to the heart and great vessels-are completed. Amethocaine 0-25 % to 0 5% solution is injected into the pericardial sac. It has been suggested that the injection of procaine into the pericardial sac may act as an irritant and increase the incidence of post-operative effusion, but probably manipulation alone could account for such a reaction.
Circulatory depression has followed large doses of procaine and dramatic falls in blood pressure are occasionally seen during mitral valvulotomy. It is not always clear that this is in any way connected with either the procaine or the actual surgical manipulation. We have been afraid, however, of hypotension and its deleterious effects in these patients on the coronary circulation and have tried to raise the pressure by giving small doses of Methedrine intravenously. Despite the suggestion that diseased heart muscle is more sensitive to procaine which may be a myocardial depressant, we are under the impression that since we have used it the heart's action has been smoother and there have been fewer alarming arrhythmias. Although it is customary to make electrocardiographic tracings during cardiac operations, the anasthetist can gain valuable information as to the strength and quality of its action by observing the heart directly.
Of the complications following mitral valvulotomy, two are worth recording.
Two patients complained bitterly a few hours after operation of pain in one leg. In neither case were the femoral or peripheral pulses palpable and the affected limbs were cold and mottled in appearance. In both cases a 0 4% procaine drip was begun slowly, and in both after a few minutes the femoral pulse returned accompanied by a rapid improvement in the appearance of the limb. In one patient the symptoms recurred during the night and it was found that the procaine drip had stopped; rapid improvement followed its reestablishment; and recovery in both the patients was satisfactory; one can only suppose that small emboli were associated with spasm of the arteries.
Of congenital heart lesions, pulmonary stenosis requires special mention. Some patients are mere infants but the children have an average age of about 6. They frequently suffer from respiratory infection which must be improved before operation. There is ample time to get to know these children, who are often spoilt and cross, and to assess their reaction to anesthesia, as repeated anesthetics may be necessary for investigations prior to the main operation. Comparatively large doses of morphia or barbiturate are given as premedication to reduce the metabolic rate (and consequently the oxygen consumption) in these children already severely handicapped by inadequate pulmonary flow. For a similar reason the child should be kept cool during the operation, if necessary on a chilled water bed. Cyclopropane or. cyclopropane followed by ether-oxygen are sometimes preferred as anzesthetic agents for these children, and any condition which decreases, even momentarily, the oxygen supply to the heart and brain must be avoided. I prefer to use the largest size of plain endotracheal tube which can be passed quickly and gently, and to inflate the lungs with oxygen immediately after intubation, controlling or assisting respiration as required. A 02% procaine drip is used. The heart must be watched carefully throughout operation to assess the rate and quality of its action; two signs of grave significance are bradycardia and a visibly weakened beat. Prompt action in inflating the lungs with 100% oxygen and injecting atropine intravenously may improve matters; but if response to this is poor, other measures must not be delayed.
CARDIAC RESUSCITATION
During intrathoracic and particularly cardiac surgery, when the heart is constantly in view, we are in a good position to deal promptly with an emergency. It is probably impossible to resuscitate patients with a dilated and hypertrophic heart or with severe coronary artery disease, or those patients who have extensive pulmonary fibrosis and a vital capacity so low as to be scarcely compatible with life. There is a good chance of success with other patients if treatment is begun promptly and the blood volume be adequate (Beck and Rand, 1949) .
The first principle is to inflate the lungs with 100% oxygen through an endotracheal tube and to circulate this oxygen to the brain by cardiac massage; circulation to the brain must be restored within five minutes of its cessation. Whilst this treatment is proceeding it is possible to check by electrocardiograph whether the heart is in ventricular asystole or in ventricular fibrillation. Tf it is in asystole, cardiac massage alone is usually sufficient, but should restoration of the heartbeat be slow, the injection of 0*5 c.c. of 1: 1,000 adrenaline into the right ventricle is effective in many cases.
For ventricular fibrillation 5 c.c. of 1 % procaine are injected into the right ventricle and the same solution applied to the surface of the heart, which is then defibrillated by electric shock. When all fibrillary movements have stopped and the heart is in asystole it is massaged and adrenaline injected.
ABSTRACT.-The present scope of thoracic surgery and the part played by the anesthetist in special investigations, preparation of patients and assessment of cardiac and respiratory functions before major surgery are discussed.
Satisfactory anesthesia for thoracic surgery is dependent on a full appreciation of its special problems and the application of suitable methods. The hazards of an open pneumothorax are counteracted by the use of assisted or controlled respiration.
Anaesthetic methods in general use are elaborated, emphasizing the use of a non-explosive technique with nitrous oxide-oxygen, muscle relaxant and supplemented by barbiturate or a specific analgesic drug. Restoration of normal respiratory physiology, rapid recovery, and adequate resuscitation are important factors in reducing post-operative complications.
Dissemination of sputum in patients with excessive secretions during operation is prevented by posture or bronchial occlusion; and the value of post-operative bronchoscopic aspiration after lung resection and immediate post-operative X-ray examination is stressed.
The prophylactic use of procaine and other drugs to diminish sensitivity and irritability of the heart appears to be of value. The management of anasthesia during cardiac operations is outlined with particular reference to mitral and pulmonary stenosis. Some complications following cardiac surgery are discussed.
